Introduction
The order Nymphaeales (water lilies) includes aquatic rhizomatous plants that occur in diverse freshwater habitats worldwide. Traditionally, two families have been recognized within the order: Cabombaceae, containing two genera, Cabomba Aublet. and Brasenia Schreber, and Nymphaeaceae, with six genera: Nuphar Sm., Barclaya Wallich, Ondinia Hartog., Nymphaea L., Euryale Salisb., and Victoria Lindley (Les et al. 1999) . Some authors have merged the two into the single family Nymphaeaceae based on analysis of molecular sequencing data (APG 2003) . The order has a long fossil record, with representatives first appearing in the Early Cretaceous Gandolfo et al. 2004 ) and extending into the present. Seeds, and occasionally fruits, are particularly well documented during the Tertiary in North America, Europe, and Asia (Miki 1960; Dorofeev 1963 Dorofeev , 1973 Dorofeev , 1974 Collinson 1980; Friis 1985; Mai 1988; Cevallos-Ferriz and Stockey 1989; Martinetto 2001; Chen et al. 2004 ). The fossil leaf record has been reviewed by Rü ffle (1976) . Both extant and extinct genera representing several clades within the order are known, emphasizing the antiquity of the group.
In this study, we describe Susiea newsalemae Taylor, DeVore & Pigg gen. et sp. nov., a newly recognized, anatomically preserved nymphaeaceous seed from the Late Paleocene of North Dakota, U.S.A. Susiea is most similar to the extant genus Euryale but is distinct from both extant and known fossil taxa based on several seed characters. This occurrence extends the Euryale lineage, previously known from the Oligocene, to the late Paleocene. Susiea and Nuphar, also known from the Almont flora, document the occurrence of Nymphaeles in the western North American Paleocene.
Material and Methods
Seeds are silicified and anatomically preserved. They occur at both the original Almont locality (Crane et al. 1990 ) and at a second locality (the ''cornfield locality'') 1 mi north of the first site where an osteoglossid fish was described (Newbry and Bozek 2000) . The sites are both shallowly excavated shale outcrops occurring slightly below prairie soils within an agricultural region and, as such, provide relatively little detailed stratigraphic context. Both are in Morton County, central North Dakota (Crane et al. 1990) , and are found within the Sentinel Butte Formation of the Fort Union Group, which is considered Late Paleocene (Tiffanian 3) based on regional correlations of freshwater mollusks and mammals (Kihm and Hartman 1991) . The seeds occur scattered on the surface of blocks and show both external morphology and internal anatomical structure. Casts of seeds are also found that reveal some features of the seed coat and raphe.
Seeds were photographed from fractured surfaces, embedded in Bio-plastic Synthetic Resin (Ward's Natural Science, Rochester, NY), wafered on a Buehler Isomet 1000 saw (Lake Bluff, IL) into sections 0.4-1.0 mm in thickness, and photographed underwater with reflected-light microscopy. Fossils were studied with scanning electron microscopy using Terminology is often difficult for fossil seeds, since much of it is developmental in nature in extant taxa (Corner 1976) . Preservational limitations may add to the difficulties in accurate interpretation. For this reason, we use descriptive terminology rather than terms (e.g., tegmen, testa) that imply ontogenetic origin. We follow Werker (1997) in the use of the term ''operculum,'' which, according to her, can be derived from ''either of the integuments or both'' in the Nymphaeaceae (Werker 1997, p. 337) .
Systematics and Description
Family-Nymphaeaceae Salisb.
Genus-Susiea Taylor, DeVore & Pigg gen. nov.
Type Species-Susiea newsalemae Taylor, DeVore & Pigg sp. nov. (Fig. 1A , 1B, 1D-1F, 1H; Fig. 2 
)
Generic diagnosis. Seeds oval to barrel shaped, with prominent lateral raphe that protrudes outward from the seed and is subtended by a ''pinch'' of adjacent cells; operculum apical, surrounded by shallow furrow, covering micropyle but not hilum; micropyle and hilum separate; seed coat composed of uniseriate outermost layer of palisade cells with smooth margins lacking papillae, underlain by uniseriate layer of cuboidal cells, next region of parenchymatous cells making up bulk of seed coat; innermost uniseriate layer of cells with highly digitate cell margins; embryo cavity apical, small; perisperm abundant.
Specific diagnosis. Seeds 5 mm long 3 3 mm wide; operculum 1 mm across; cells of outer seed coat 40 mm high 3 150 mm wide, with smooth cell margins lacking papillae; cells of cuboidal layer 25-35 mm high 3 50-90 mm wide; central region of seed coat estimated to be 1.0-1.3 mm thick, innermost digitate cells 120 mm high 3 100 mm wide; embryo cavity 0.9 mm high 3 1:6 mm wide, immediately below the micropyle; cells of perisperm parenchymatous.
Holotype. UWSP 2422 seed no. 1 ( fig. 1A) . Housed in the Paleobotanical Collections, University of Wisconsin at Stevens Point.
Paratypes. UWSP 2422 seeds no. 2 ( fig. 2C ), no. 3 ( fig.  2A ), no. 4 ( fig. 2E ), no. 7 ( fig. 1F ), no. 8 ( fig. 1D ), no. 10 (figs. 1E, 2D), no. 13 ( fig. 1B) , no. 14 ( fig. 1H ), no. 15 ( fig.  2B ). Not pictured: additional specimens from UWSP 2422a-2422g, including seeds no. 5, 6, 9, 11, and 12, UWSP 2424, UWSP 2426, and several ASU blocks. Specimens are housed in the Paleobotanical Collections, University of Wisconsin at Stevens Point, and in the Paleobotanical Collections, Arizona State University.
Type locality. The cornfield locality, 1 mi north of the original Almont locality (Crane et al. 1990 ), Morton County, North Dakota, U.S.A.
Age and stratigraphy. Sentinel Butte Formation, Fort Union Group, 55.8 Ma (Crane et al. 1990 ). Late Paleocene, Tiffanian 3 (Kihm and Hartman 1991) .
Etymology. The generic name, Susiea, recognizes Salem Sue, the ''world's largest Holstein cow,'' who stands above Interstate Highway 94 near the town of New Salem, Morton County, North Dakota, ca. 1 mi from the collecting site. The species name, newsalemae, refers to the town of New Salem, North Dakota, near the collecting site.
Description. Susiea newsalemae Taylor, DeVore & Pigg gen. et sp. nov. is based on ca. 230 specimens, two dozen of which were studied in detail ( fig. 1A, 1B, 1D-1F, 1H ; fig. 2A-2G ). Seeds are found scattered on the surface and throughout the rock matrix or singly. Most of the specimens occur at the cornfield locality, while several individual seeds are known from the original Almont site.
Seeds of Susiea are on average 5 mm long 3 3 mm wide, oval to barrel shaped, and bilaterally symmetrical (figs. 1A, 2A). An apical operculum 1 mm in diameter is located in the area of the micropyle ( fig. 1A , 1B, 1H) and covers the micropyle but not the hilum. A shallow furrow surrounds the operculum ( fig. 1B ). Hilum and micropyle are separated by several cells. The micropyle extends apically into a small papillate process ( fig. 1D , 1F, 1H) similar to that seen in extant Euryale ( fig. 1G) . A prominent lateral raphe extends from the operculum to the chalazal end along the length of the seed ( fig. 1A, 1B; fig. 2A ). The raphe protrudes outward from the body of the seed (figs. 1A, 2A).
There are four distinct layers to the seed coat. Because of limits in preservation of individual seeds, our description is based on a combination of several specimens photographed in either light microscopy or scanning electron microscopy (SEM). (3) To the inside of the cuboidal layer, the third region makes up the bulk of the seed coat. In this central region, which is ca. 1.0-1.3 mm thick, individual cells are typically not well enough preserved to characterize the details of cell shape, although they appear to be parenchymatous. (4) The fourth and innermost layer is uniseriate and composed of cells 120 mm high 3 100 mm wide with highly digitate anticlinal margins with interlocking flanges, best observed from fracture surfaces with SEM ( fig. 2E ).
Within the seed coat, internal structures comparable to those of an embryo cavity with a small amount of possible endosperm and a larger region of surrounding perisperm quite similar to those of the extant genus Euryale are preserved (compare fig. 1D -1F, 1H with fig. 1G ). In longitudinal section, a small embryo cavity, 0.9 mm high 3 1:6 mm wide, is located apically and directly under the micropyle. In some specimens, there is evidence of a cast that shows the former position of the embryo and the small surrounding region of possible endosperm. The embryo cavity is quite small in comparison to the internal chamber of the seed, as is common in nymphaeaceous seeds ( fig. 1D-1F, 1H ). In one specimen ( fig. 1E ), the area of the hollow embryo cavity is filled with fungal hyphae. In well-preserved specimens, abundant perisperm fills the central seed cavity, a feature also typical of this family. When well preserved, the perisperm highlights the central region of the seed cavity and is composed of thinwalled parenchymatous cells. 
Discussion

Taxonomic Affinities
Based on seed shape, lateral raphe, positioning of micropyle, seed coat surface, zonation, and presence of an operculum and perisperm, Susiea newsalemae is clearly a nymphaealean seed. As is typical of this order, seeds are oval to elliptical and anatropous and have an apical operculum. The embryo cavity containing the embryo and endosperm occupies only a small portion of the apical area, with the central seed cavity being filled with perisperm (Werker 1997, fig. 103C ). Individually, these features are present in a variety of angiosperms; however, in combination they are characteristic of Nymphaeales.
In the most recent study by the Angiosperm Phylogeny Group (APG 2003) , the two families historically recognized within the order Nymphaeales, Nymphaeceae and Cabombaceae, have been merged into Nymphaeaceae. Historically, these two families have been distinguished by the relationship of hilum and micropyle. Seeds placed in Nymphaeaceae sensu stricto have a distinct micropyle and hilum, while in those of Cabombaceae, the micropyle and hilum share the same opening atop a distinctive pyramidal cap or raised apical area of the seed (Collinson 1980) . Because Susiea has a distinct micropyle and hilum and lacks a pyramidal cap, we can confidently place this taxon within Nymphaeaceae sensu stricto. An additional feature that has been used to separate the , could not be determined based on the material at hand. Other differences historically separating these two families are based on floral and leaf morphology. However, among these features used to delimit Nymphaeaceae sensu stricto, the position of the micropyle and hilum are consistent and stable characters. Within Nymphaeaceae sensu stricto, Susiea is most similar to Euryale. But because the combination of features seen in Susiea is not identical to the features of Euryale or any other extant (or extinct) taxon, we recognize the Almont seeds as a new genus. Susiea seeds differ from those of Euryale by shape and ornamentation of the epidermal cells as well as thickness of the seed coat and raphe morphology. The epidermal cells are rectangular, rather than polygonal as in Euryale, and lack papillae along cell margins.
Susiea and Euryale also share some morphological features with Nuphar and Victoria. While Susiea, Euryale, and Nuphar have epidermal cells with smooth anticlinal margins and a shallow furrow surrounding the operculum, Victoria and the other nymphaeaceous genera typically have epidermal cells with prominent, sinuous cell margins. These vary from relatively shallow (Ondinea) to intermediate (Nymphaea) to quite deeply lobed (Victoria). These other genera also lack a furrow around the operculum. While the general organization of layers in the seed coat is similar in Susiea, Nuphar, and Euryale, the number of cell layers that make up the bulk of the seed varies. In Nuphar, this region is only three to five cells thick, while it is more than 20 cells thick in Euryale and of an intermediate thickness in Susiea (based on thickness of the region and cell size in known taxa).
Susiea, Euryale, and Victoria are similar to one another in having a prominent raphe and relatively large seeds in comparison to other nymphaeaceous genera. The raphe in Susiea differs from those of Euryale and Victoria in being more rounded and protruding further outward from the seed, seeming to pinch outward. The ''pinch'' in Susiea is a consistent feature that has been observed in all the seeds examined. Although the anatomical basis for this external feature is not obvious, it may be the result of a consistent preservational feature, such as more pronounced tissues of the raphe in Susiea relative to those of Nuphar. If the vascular strands in the raphe are more extensive and more resistant than the tissue of the rest of the seed, preservation would result in compression of the cells adjacent to them, resulting in the ''pinch'' (figs. 1A, 2A). This organization results in the appearance of the raphe lying atop the seed rather than being embedded within the seed coat. Susiea, Euryale, and Victoria seeds are up to 5 mm long, in contrast to those of the remaining genera in the family, which are typically only a fifth of the length (Collinson 1980; Chen et al. 2004) .
The other extant genera, Nymphaea, Ondinea, and Barclaya, are clearly distinct from Susiea. Nymphaea and Ondinea, genera that some authors have suggested may represent a single taxon, have small seeds with strongly digitate surface cells that are not elongate palisade cells (Collinson 1980) . Barclaya has many differences, including an orthotropous rather than an anatropous ovule, a pyramidal cap, a single common opening for the micropyle and hilum, and prominent spines.
Because seeds of Susiea are permineralized, we could confidently compare them with other permineralized seeds in the fossil record, including those of Nuphar wutuensis (Chen et al. 2004 ) from the early Eocene of Wutu, Shandong, China; Nuphar cf. wutuensis (Chen et al. 2004) , also from Almont; and Allenbya collinsonae (Cevallos-Ferriz and Stockey 1989) of the middle Eocene Princeton Chert, British Columbia. Essentially all the diagnostic features of N. wutuensis and N. cf. wutuensis of Almont are identical (Chen et al. 2004) . As is the case with extant Nuphar, there are strong similarities between Susiea and both fossil Nuphar types (Chen et al. 2004) . As with the extant genus, Susiea is distinct from the fossil nuphars in seed shape, position of operculum, detail of raphe, and seed coat anatomy. Seeds of Susiea are oval to barrel shaped with an apical operculum, while the Nuphar seeds are reniform with a slightly laterally oriented operculum. Susiea's epidermal cells are shinglelike, in contrast to the more granular ones of the Nuphar seeds. The raphe in Susiea is prominent with an adjacent ''pinch'' region but in fossil Nuphar is more flattened. Layers of the seed coat are also distinct between these two taxa, both in number and composition. Susiea has four discernible layers within the seed coat: (1) an epidermal layer of palisade cells lacking papillae, underlain by (2) a uniseriate cuboidal layer, (3) a third layer estimated to be ca. 5-20 cells thick, and (4) an innermost uniseriate, highly digitate, or ''jigsaw,'' layer. In contrast, the fossil Nuphar seeds are described as having an additional outer opaque layer 20-30 mm thick and lacking cellular detail that has no obvious counterpart in Susiea; an epidermis of equiaxial, pentagonal to hexagonal cells; and an inner layer four to six cells thick composed of thick-walled palisade sclereids (Chen et al. 2004 ).
Allenbya collinsonae is based on a single fruit and several isolated seeds from the middle Eocene Princeton chert of British Columbia (Cevallos-Ferriz and Stockey 1989) and is clearly distinct from Susiea. Allenbya is somewhat larger (up to 6-7 mm long), is subspheroidal to ovoid rather than barrel shaped, and has distinctly different layers to the seed coat. The outermost layer of the integument is a uniseriate layer of prominent palisade cells with strongly sinuous anticlinal margins, underlain by one or two layers of thin-walled rectangular cells. Details of the outer operculum shape, position of the raphe and micropyle, and details of the surface features of the raphe were not determined for Allenbya because specimens from the Princeton chert are preserved within the silica matrix and outer morphology is not always possible to determine. Like those of Susiea, seeds contain a tissue interpreted as perisperm, and at least one specimen shows an area consistent in size and shape with a small embryo cavity. Allenbya has been likened most closely to extant Victoria (CevallosFerriz and Stockey 1989) .
Susiea may also be, at least superficially, similar to several additional extinct genera (Collinson 1980) . Seeds described by Grambast (1962) fig. 1A and fig. 2A , 2C in this article). In section, the outer layer is composed of palisade cells very similar to those of Susiea (compare Collinson 1980, plate V, fig. O with fig. 1E in this article) . Collinson (1980) discusses these specimens at length and concludes that they are too poorly preserved to synonymize with her genus Sabrenia Collinson that was proposed for similar seeds. Sabrenia has surface cells with highly sinuous margins.
Other fossil seeds that have outer surfaces with smoothwalled cells include Tavdenia Dorofeev, Nikitinella Dorofeev, Tomskiella Dorofeev, Irtyshenia Dorofeev, Eoeuryale Miki, Pseudoeuryale Dorofeev, and Palaeoeuryale Dorofeev (Miki 1960; Dorofeev 1963; Collinson 1980) . Of these taxa, Tavdenia most closely resembles Susiea in the surface appearance. However, the zonation of the seed coat is distinctly different. Both Dorofeev (1963) and Miki (1960) proposed phylogenetic schemes for the evolution of modern Euryale from these taxa. It is interesting that fossil seeds assigned to Euryale extend up to the late Pliocene/early Pleistocene of Italy (Martinetto 2001 ).
Evolution and Phylogeny of Nymphaeales
As part of the ANITA clade, the order Nymphaeales is considered a basal group within the angiosperms, and its monophyly has generally been assumed (Judd et al. 2002; APG 2003) . Analyses focusing on resolving relationships among basal lineages of angiosperms have found a root between Amborella Ballion and all the other families (Mathews and Donoghue 1999; Parkinson et al. 1999; Qiu et al. 1999; Graham and Olmstead 2000; Soltis et al. 2000) . Two studies (Barkman et al. 2000; Zanis et al. 2002) suggest that Amborella and Nymphaeales form a clade sister to the rest of the angiosperms. In either case, Amborella and Nymphaeales, along with Austrobaileyales (Austrobaileyaceae, Illiciaceae, Schizandraceae, and Trimeniaceae) and Chloranthaceae, can be recognized as four lineages leading to the core angiosperms (Doyle and Endress 2000) .
Analyses of Nymphaeales based on both molecular sequence data and morphology (Les et al. 1999; Padgett 1999; Padgett et al. 1999 ) have produced congruent relationships within this order. Within Nymphaeaceae, Nuphar is basal to all other genera in the family, followed sequentially by Ondinia, Nymphaea, Barclaya, and finally, a clade consisting of Victoria and Euryale. A recent analysis of intertranscribed spacer sequence data substantiates this topology (Li et al. 2005) . A well-resolved phylogeny and a fossil record for the Nymphaeales provide a valuable context for examining the divergence times of these clades, an issue that has recently been addressed by Yoo et al. (2005) and is discussed below.
While leaves, petioles, and stems with nymphaeaceous features are known in the Aptian/Albian of Jordan , the oldest known fossils of reproductive remains that can be confidently placed in the family are those of Microvictoria Nixon, Gandolfo & Crepet from the Raritan of New Jersey. This lower Cretaceous fossil flower shares many unusual floral features with Victoria but is much smaller than flowers of the giant water lily. Given the most derived position of this extant genus as noted from molecular and combined molecular and morphological data, it is intriguing that it holds the oldest fossil evidence. This strongly suggests that the family appeared quite early. An additional fossil flower with associated pollen grains, recently described from the Early Cretaceous of Portugal (Friis et al. 2001) , has features of Nymphaeales that can equally be found in the family Illiciaeae, suggesting that this taxon cannot be unequivocally assigned to Nymphaeales sensu stricto . Crepet et al. (2004) entered fossil data from both the literature and unpublished sources into a relational database structure and used Winclada (Nixon 2003) to map minimum ages for each node on Soltis et al.'s (2000) 567-taxon tree. In their study, the node that precedes the divergence of Nymphaeales and Illiciaceae is given a minimum age of 113 Ma. Yoo et al. (2005) accept an age of 125-115 Ma for the stem lineage, based on fossil evidence. Cevallos-Ferriz and Stockey (1989) estimated an origin of the order ''at least as early as the upper Cretaceous'' based on seed morphology and possible lower Cretaceous (Albian) leaves (Hickey and Doyle 1977) . It seems that most, if not all, individuals investigating the evolutionary history of the order seem to agree that the Nymphaeales have a Cretaceous origin. The differences in interpretation among workers are more directly related to when clades within the Nymphaeales appeared.
Allenbya, of middle Eocene age (ca. 50 Ma), apparently also belongs within the Victoria lineage. Before this study, the oldest fossils thought to be related to the Euryale clade were of Oligocene age (ca. 30 Ma; Miki 1960; Dorofeev 1963) . Susiea thus extends the fossil record of the Euryale lineage back to the Late Paleocene (55.8 Ma), which is more consistent with the presence of fossils similar to its sister genus Victoria in the Early Cretaceous. With the exception of the Australian Ondinea, a probable offshoot of Nymphaea, all other genera in the family are recognized in the fossil record by the Oligocene. The sister family Cabombaceae is also known by the Late Cretaceous (Cevallos-Ferriz and Stockey 1989). The Tertiary fossil record of Nymphaeaceae seeds has been reviewed by Collinson (1980) . Although Nuphar and Euryale display similarities in several morphological features, the molecular record suggests that these features are convergent. Similarities are in cell shape as well as some features of raphe and micropyle position. It is also interesting that Nuphar, Euryale, and Victoria all have relatively large seeds (5 + mm) and similar organization of the seed coat zonation (outer prominent palisade underlain by a zone of several smaller cells) as well as similar morphology of their embryo chambers (Chen et al. 2004 ). In contrast, other genera in Nymphaeaceae have smaller seeds (less than 2 mm), digitate epidermal cells, and differing organization to the seed coat wall layers.
Both Microvictoria and the fossil flower from the Early Cretaceous of Portugal were used by Yoo et al. (2005) to apply strict molecular clock, nonparametric rate smoothing, penalized likelihood, and Bayesian methods to the topology from Les et al.'s (1999) analysis. The authors propose that the ancestor of Nymphaeales ''occupied the American and Eurasian continents during the Eocene'' (Yoo et al. 2005, p. 693) and that extant Nymphaeales diversified recently. However, using just two fossils to calibrate molecular clock methods may not be sufficient to support the findings based purely on molecular data. First, the rich and reliable record of seed morphology, although briefly mentioned and cited, is largely 1276 INTERNATIONAL JOURNAL OF PLANT SCIENCES ignored. Cevallos-Ferriz and Stockey (1989) summarized the key seed morphological features for the order (shape of the cells of the integumentary palisade layer, position of opercula in relation to the hilum and micropyle) and make a strong case for Allenbya representing the Victoria lineage. If a member of the Victoria lineage is present in the middle Eocene and Susiea, representing the Euryale lineage, is present in the Late Paleocene, then this highly derived lineage, as indicated by cladistic analyses of modern representatives, indeed predates the Eocene. Second, is the topology of the tree used to estimate divergence times based solely on the most recent common ancestor capable of yielding good estimates of divergence times? When the ingroup is one that is basal and that clearly originated early in the evolutionary history of the angiosperms, would the nodes presented on the tree based only on modern representatives accurately reflect significant points of divergence occurring early in the history of the ingroup? The possibility that the Nymphaeales may be specialized members of once more diverse lineages with terrestrial relatives has never been addressed. In particular, the absence of vegetative remains in association with mesofossils presents a tantalizing suggestion that the Cretaceous flower from Portugal and Microvictoria may not have been aquatic.
The early fossil record of angiosperms contains a number of reports of aquatic plants (Sun et al. 2002; Martín-Closas 2003) . This disproportionate representation of aquatics may reflect high preservation potential of Nymphaeales and other hydrophytes. A second reason could be that the earliest angiosperms had an affinity for freshwater environments (Sun et al. 2002) . Instead of partitioning niches with gymnosperms or trying to unseat incumbent gymnosperm taxa in well-established niches, some angiosperms had the potential to radiate into unexploited freshwater environments, where they would not have to compete for resources with gymnosperms. Third, the tendency of hydrophytes to exhibit stasis (Les 1988; Herendeen et al. 1990; Les et al. 1991) and long species duration provides them with ample opportunities to be represented in the fossil record and, in the case of the Nymphaeales, as extant representatives of basal angiosperm lineages.
Clearly, the seed characteristics present within the Nymphaeales are a useful set of characters that would be invaluable for linking fossil and modern lineages. However, the use of only two fossils to calibrate a molecular clock (e.g., Yoo et al. 2005 ) limits our ability to estimate reasonable ages of diversification for lineages within the Nymphaeales. Collaboration of paleobotanists, who can provide insights regarding which characters of fossil taxa are informative (e.g., seed anatomy and morphology of Nymphaeales), and neontologists exploring the relationships of extant members of lineages is crucial for advancing and refining the methods of estimating divergence times. This sentiment is best expressed by Sanderson et al. (2004 Sanderson et al. ( , p. 1663 , who state that ''the fossil record must be incorporated into the problem in a more constructive fashion-not merely as a source of calibration or perhaps as an object of derision when conflicts emerge.''
